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The application is amended as set forth above, and copies of the amended claims, 
marked to identify the changes that are made, are included in the attached appendix. 

Support for the amendments : 

The paragraph beginning at line 19 on page 14 is amended to recite LEF concentration 
in units of U//d, in accord with the expression of LIF concentration used elsewhere in the 
application; e.g., at line 1 of page 13, and lines 6-7 of page 21. The use of units of in the 
paragraph on page 14 was a clerical error. 

Claim 21 is amended to recite the step of maintaining the PGCs in tissue culture for at 
least 14 days under the recited conditions (medium comprising the four recited growth 
factors, in the absence of feeder cells), support for which is found in the specification; for 
example, at lines 10-13 of page 11. Claim 22 is amended to recite minimal growth factor 
concentrations, support for which is found, for example, in original claim 2. Claim 23 is 
amended to recite growth factor concentration ranges of from about 2- to 1 00-times the 
minimal concentrations in claim 22, support for which is found, for example, in original 
claim 3. Claim 24 is amended to correct the spelling and taxonomic designation of the avian 
grouping Gallinaceae, which refers to the avian order that includes chickens and turkeys, not 
to a genus. See, for example, Webster's Unabridged Dictionary (1913), and "Wildlife 
utilization in Latin America," by Juhani Ojasti (1996) (copies of pages from the Internet are 
attached). Claim 27 is amended to recite that the PGCs are maintained in culture for at least 
25 days, support for which is found, for example, at lines 18-20 of page 15. Claim 30 is 
amended to recite that the claimed culture is free of feeder cells, support for which is found, 
for example, at lines 20-21 on page 13. Claims 29 and 32 are amended to recite introducing 
into the PGCs a nucleic acid that comprises a nucleotide sequence that encodes a polypeptide 
and is functionally linked to gene expression regulatory sequences that are operable in an 
avian cell, support for which is found, for example, at lines 5-7 and 17-24 of page 17. New 
claims 33-35 recite a culture of PGCs growing in a monolayer in the absence of feeder cells 
in medium according to claim 21, support for which is found, for example, on page 28, lines 
22-23. 

Objection to claims 21, 24, 3K and 32 for informalities: 

Claims 21, 24, 31, and 32 are amended to remove informalities identified by the 
Office Action dated April 24, 2002. 

7 



U.S. Serial No. 09/500,635 



Attorney Reference: 015837-0275685 



Rejection of claims under 35 U.S.C. SI 12, first paragraph: 

Claims 21-32 were rejected under 35 U.S.C. §112, first paragraph, on several 
grounds. 

First, the specification is described as enabling one skilled in the art to culture PGCs 
in the presence of LIF, bFGF, SCF, and IGF in the absence of feeder cells, but as failing to 
providing enablement for determining conditions for maintaining PGCs in culture for 14 days 
or four months. The Applicants respectfully traverse this ground of rejection. The 
specification pointedly states that the disclosed methods for long-term culturing of PGCs can 
be and were performed in the absence of feeder cells: 

"[W]hile applicants cultured PGCs in the absence of feeder cells, they further 
contemplate that feeder cells maybe useful," (see page 13, lines 20-21). 
The specification expressly discloses the conditions under which avian PGCs can be 
maintained in long-term culture. For example, the paragraph bridging pages 12-13 describes 
a medium that is suitable for long-term culturing of PGCs, including the minimal 
concentrations of the four growth factors recited in claim 21, and the paragraph bridging 
pages 14-15 provides useful ranges of the concentrations of the same four growth factors. 
Conditions under which avian PGCs can be maintained in long-term culture are also 
described in detail in the example on pages 20-22; and the appearance of cell monolayers 
produced by culturing PGCs under such conditions for at least 25 days is described in the 
paragraph bridging pages 25-26. Two cell lines from monolayers obtained by culturing 
PGCs for at least 25 days under the disclosed conditions are described at lines 1 1-12 on page 
26. The specification also teaches that avian PGCs can be maintained in long-term culture 
under the disclosed conditions without losing their ability to produce chimeric avians. 

"To date, the cells have been maintained in tissue culture for up to about four months, 
with apparently no adverse effects. Also, cells of up to 25 days have been tested for 
their ability to colonize avian embryonic gonads and produce chimeric birds." 
(see page 15, lines 14-20). 
The foregoing descriptions of methods and conditions for long-term culturing of PGCs 
provided in the specification do not include or mention preparing and using feeder cells in 
culturing the PGCs. In fact, the specification states that, 

"None of the feeder layers evaluated in this study improved the lon>z term culture 
conditions of the PGCs," (page 27, lines 14-16). 
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Given that the specification discloses methods for long-term culturing of PGCs that 
do not employ feeder cells, and expressly states that the disclosed methods can be performed 
without using feeder cells, one skilled in the art would reasonably regard the methods for 
long-term culturing of PGCs described in the specification as being methods that can be 
carried out "in the absence of feeder cells," as stated on page 13, and would be able to follow 
the disclosed teachings and successfully practice the claimed method for long-term culturing 
of PGCs. Accordingly, the Applicants respectfully request withdrawal of the rejection of 
the claims under 35 U.S.C. §112, first paragraph, on the ground that the specification fails to 
enable one of skill in the art to determine conditions for maintaining PGCs in culture for at 
least 14 days and up to four months in the absence of feeder cells. 

The claims were also rejected under 35 U.S.C. §112, first paragraph, on the grounds 
that the specification does not describe or enable one skilled in the art to culture cells to have 
a "compact multilayer like appearance," or to produce EG cells. With respect to these 
grounds for rejection, the Applicants submit that the objected-to subject matter has been 
deleted from the claims, and respectfully request that the corresponding rejection under 35 
U.S.C. §112, first paragraph, be withdrawn. 

Claims 29 and 32 were rejected under 35 U.S.C. §1 12, first paragraph, on the grounds 
that the specification does not teach one skilled in the art how to use transfected PGCs to 
produce transgenic avians that have an altered phenotype or that make exogenous proteins 
that can be isolated, which the Office Action asserts are the only uses for transfected PGCs 
disclosed in the specification. In support of the rejection, the Office Action refers to the 
Applicants' disclosure in the specification that stably transfected PGCs have not been 
produced, and states that as neither the specification nor the art available at the time of filing 
describe making stably transfected PGCs and using these to make transgenic avians, undue 
experimentation would have been required by one skilled in the art to determine how to use 
the transfected cells of the claimed invention. The Office Action cites Wall (1996) as 
describing a number of factors that make it impossible to predict the effect that expression of 
an exogenous gene in a transgenic avian will have on the phenotype of the transgenic bird. 
For example, the position in the genome at which the transgene inserts, the interaction of host 
proteins that regulate gene expression with regulatory nucleic acid sequences in the inserted 
DNA, and the flanking host chromosomal DNA, all contribute to the unpredictability of both 
the level of expression, and the tissue-specific pattern of the expression of a transgene in a 
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transgenic avian. The Office Action states that because of the unpredictability of the 
expression of a transgene in a transgenic avian, one skilled in the art would have had to 
perform undue experimentation in order to use transfected EGs. See pages 7-8 of the Office 
Action. 

The Applicants submit that the specification describes the claimed invention in such 
terms and in sufficient detail that at the time the application was filed, a skilled individual 
would have been able to follow the teachings of the specification to make transfected PGCs 
according to the claimed method without undue experimentation. As pointed out in the reply 
to the previous Office Action, the specification demonstrates transfection of cultured avian 
PGCs with a marker DNA encoding GFP, and expression of the marker gene in the 
transfected cells. As discussed below, neither the recognized unpredictability of transgene 
expression in a transgenic avian, nor the recognized difficulty of stably transfecting avian 
cells with plasmid DNA expression constructs, would have made it necessary for one of skill 
in the art to perform undue experimentation in order to make or use the claimed invention. 
Furthermore, as discussed below, one skilled in the art at the time the invention was filed 
would also have known how to use the claimed transfected PGCs to make transgenic, 
chimeric avian embryos and transgenic avians without undue experimentation. Therefore, 
the rejection of the claims as being non-enabled is improper and should be withdrawn. 

The rejected claims are drawn to a method of making transfected avian PGCs that are 
cultured in vitro for a prolonged period (i.e., at least 14 days) in the absence of feeder cells 
according to the disclosed invention. Key to the claimed invention is the disclosed method 
for culturing avian PGCs in vitro for a prolonged period in the absence of feeder cells. Until 
the present invention, it was believed that long-term culture of avian PGCs in vitro required 
growing the PGCs on a feeder cell layer (for example, see Pain et al., 1996, page 2345). 

Prior to the present invention, those skilled in the art were familiar with methods for 
transfecting PGCs, and inserting the transfected PGCs into avian embryos to produce 
transgenic, chimeric avian embryos and transgenic avians. For example, Vick et al. (Proc. R. 
Soc. Lond., 1993, 251:179-182) described using a retroviral vector to stably transfect avian 
PGCs, and injecting the transfected PGCs into recipient embryos to produce transgenic birds, 
as discussed in the Applicants' reply to the first Office Action. Although Vick et al. did not 
report that they detected expression of the transgene in transgenic avians, they taught that 
studying the transgenic, chimeric birds produced by their methods can provide information 
about their reproductive biology, because the retroviral DNA inserts in an apparently random 
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fashion, so that it is possible to distinguish individual transfected PGCs from each other in the 
gonad of a transgenic avian by the site of insertion of the foreign DNA (see page 182). Thus, 
one skilled in the art would have recognized that transgenic, chimeric avians such as those 
disclosed by Vick et al. are useful even in the absence of transgene expression. 

Moreover, given the advanced state of the art of genetic engineering at the time the 
application was filed, one of skill in the art would reasonably have regarded the report by 
Vick et al. of using retrovirally transfected avian PGCs to produce a transgenic avian with 4.5 
kilobases of stably integrated foreign DNA as strong evidence that undue experimentation 
would not have been required to practice the claimed method by making and using 
transfected EGs to produce transgenic embryos and avians in which a transgene is 
successfully expressed. The Vick et al. reference was the first report of the use of transfected 
PGCs to produce a transgenic avian. As stated by the authors on page 181, the aim of their 
work was "to demonstrate the feasibility of using primordial germ cells as a means of gaining 
access into the avian genome." Prior to publication of the Vick et al. reference, Bosselman et 
al. (J. Reprod. Fert., 1990, 15E:200; see also, U.S. Patent No. 5,162,215) and Lee et al. (Proc. 
4 th World Cong. Genet. Livestock Prod., 1990, 16:107-110) had already demonstrated 
successful expression and inheritance of retrovirally introduced transgenes in transgenic 
avians, as described on pages 118-119 of Simkiss (1994, pages 106-137). In addition, Chen 
et al. (J. Reprod. Fertil. Suppl. 41:173-182, abstract attached) reported in 1990 that a 
retrovirally introduced transgene encoding bovine growth hormone was successfully 
expressed in transgenic chickens that grew larger and matured more rapidly that wild type 
birds. Accordingly, those skilled in the art understood at the time the application was filed 
that a transgene introduced by a retroviral vector into cells of a transgenic avian could be 
stably integrated into the avian genome and expressed at sufficient levels as to affect the 
phenotype of the host avian. 

In describing the work of Vick et al., Simkiss states (pages 121-122): 

"... It is clear, therefore, that PGCs can be used as vehicles for introducing foreign 
DNA into the genome of the bird, and subsequent experiments have been directed at 
characterizing this phenomenon and increasing its efficiency. 

The protocol for producing transgenics by such a procedure would, in outline, consist 
of (a) isolating PGCs, (b) integrating foreign DNA into their genome, (c) screening 
the cells for suitable gene expression, (d) introducing these genetically manipulated 
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cells into a recipient embryo to form a chimera and (e) breeding from this chimera 
and selecting those offspring that contained the introduced genes." 

Following publication of Vick et al., Allioli et al. (1994) reported successful expression of the 
lacZ reporter gene in isolated avian PGCs cultured and retrovirally-transfected in vitro . By 
the time the present application was filed, retroviral vectors were being used routinely to 
obtain expression of transgenes in avian primary cell cultures and in embryonic chick tissues 
in ovo (see Bell et al., Mol. Biotechnol., 1997, 7(3)289-298, abstract attached). The 
characterization of the results reported by Vick et al. in the Simkiss (1994) review article 
described above, and reports of stable integration and successful expression of retrovirally 
introduced transgenes in transgenic avian cells in vitro and in vivo provide clear evidence that 
one skilled in the art at the time the application was filed would have regarded the Vick et al. 
references as showing that transgenic PGCs could be used to produce stably transfected 
transgenic avians in which transgene expression was reasonably expected to occur. 

The Office Action states that the specification fails to enable one skilled in the art to 
use the claimed invention because the levels and patterns of expression of transgenes 
introduced into transgenic avians by the claimed invention are unpredictable. The Applicants 
respectfully traverse this ground of rejection, because it imposes limitations that are not 
recited in the claims. The specification states that objects of the invention are "to introduce 
desired nucleic acid sequences into avian primordial germ cells which have cultured for 
prolonged periods in tissue culture," and to use transfected PGC cells "for the production of 
transgenic, chimeric avians" (page 8, lines 12-20). The specification is directed at those 
skilled in the art, who are capable of recognizing the significance of the inventor's discovery 
and know how to use it. The rejected claims recite a method for producing transfected avian 
PGCs, and encompass making PGCs in which there is very little or even no detectable 
expression of the transgene. As taught by Vick et al. and as discussed above, one skilled in 
the art would have known that stably transfected avian PGCs can be used to study avian 
reproductive biology, e.g., by using the inserted DNA to identify individual transgenic cells 
and their lineages in a chimeric avian, even when expression of the transgene is undetectable. 
Moreover, as discussed further below, at the time the application was filed, those skilled in 
the art recognized that it was not necessary to be able to predict the level or pattern of 
transgene expression, or the change in phenotype caused by expression of a transgene in a 
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transgenic avian, in order to find utility in the transgenic avian or in the method and cells by 
which it is generated. 

The Office Action implies that the claimed methods are not enabled because 
introduction of plasmid DNA expression constructs into avian PGCs is expected to result in 
transient transfection. At the time the application was filed, the difficulties associated with 
producing transgenic avians that are discussed in the Office Action were generally recognized 
by those skilled in the art. Simkiss (1994) taught that "during the development of procedures 
using PGCs it is most convenient to use vectors that are likely to give the highest rates of 
integration and at the present time these are retroviruses," and that as of 1992, stable 
transfection of avian cells had only been achieved with retroviral vectors (pp. 129-130). In 
1994, Love et al. reported making stably transfected transgenic chickens by microinjecting 
plasmid DNA into avian embryos (Biotechnology, 12(l):60-63, abstract attached). However, 
as discussed below, most attempts to introduce non-retroviral DNA into avian cells appear to 
have produced transiently transfected cells, and at the time the application was filed, methods 
comprising transiently transfecting avian cells, including PGCs, and inserting the transfected 
cells into recipient embryos to generate transgenic avians in which the trangenes are 
expressed, were widely used by those skilled in the art. From these references, it is clear that 
those skilled in the art recognized that transgenic avians in which trangenes are expressed, 
even if only transiently, are highly useful for studying the tissue-specific and developmental 
stage-specific properties of promoters and other nucleic acid sequences that regulate gene 
expression, and for studying the relationship between the level or pattern of transgene 
expression in tissues of a transgenic avian embryo or chick and any changes in phenotype 
caused by transgene expression. For example: 

• Wagner et al. (Clin, and Exper. Hypertension, 1995, 17(4):593-605, copy attached) 
described using transgenic animals to analyze promoter regulatory elements for tissue- 
specific expression, and to identify cis-acting factors that control gene transcription (p. 594). 

• Simkiss (1994) taught that the avian embryo is "probably the best-studied example of 
vertebrate development" (p. 107), and described a study by Perry et al. (1991) of the temporal 
and spatial expression of the lacZ gene in avian embryonic cells following microinjection of 
cloned reporter constructs into the germinal disc of a freshly fertilized avian egg (see pages 
114-115). 

Wall (1996) taught that, in view of the unpredictability of transgene expression, the best 
way to test the operability of a DNA expression construct in a tissue of a transgenic animal is 
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to introduce the construct into an animal of the species of interest and assay its expression in 
the target tissue in vivo (p. 62). 

• Naito et al. (VI International Symposium on Avian Endocrinology, March 31 -April 5, 
1996, abstract attached) reported transfecting plasmid DNA containing a lacZ gene into 
cultured avian PGCs in vitro, and inserting the transfectd PGCs into recipient embryos to 
produce transgenic, chimeric avian embryos with gonads in which there were PGCs in which 
the lacZ gene was expressed, and they stated that their method could be used to test the 
expression of exogenous DNA in the gonads of developing chick embryos. 

• Demenix et al. (Biotechniques, 1994, 16(3)496-501, abstract attached) described 
transfecting plasmid DNA expression constructs encoding reporter genes under control of 
various promoters into chick embryos in vivo and measuring the tissue-specificity and 
temporal aspects of the level of transgene expression in cells of the developing embryo. 

• Kelder et al. (Gene, 1989, 76(l):75-80, abstract attached) transfected a plasmid DNA 
expression construct encoding a reporter gene under control of an inducible promoter into 
cultured avian cells and measured the dependence of transgene expression on the 
concentration of inducer in the cell culture medium. 

• Rosenblum et al. (Transgenic res., 1995, 4(3):192-198, abstract attached) used cationic 
liposomes to transfect plasmid DNA expression constructs encoding reporter genes under 
control of a RSV promoter into avian embryonic cells, they measured changes in the level of 
transgene expression in the transfected embryos over time, and reported that while stable 
integration of transfected DNA appeared to be a rare event, liposome-mediated transfection 
of embryos is useful for studying promoter activity in vivo and may be useful for transfecting 
genes to study embryonic development. 

• Ono et al. (Exp. Anim., 1995, 44(4):275-278, abstract attached) injected cationic 
liposomes complexed with plasmid DNA expression constructs into avian embryos and 
transfected the PGCs in vivo , as evidenced by detection of transgene expression in the gonads 
at later embryonic stages. 

• In similar experiments, Watanabe et al. (Mol. Reprod. Dev., 1994, 38(3):268-274, abstract 
attached) injected avian embryos with cationic liposomes complexed with plasmid DNA 
expression constructs encoding a lacZ reporter gene under control of either a RSV promoter 
or a chicken beta-actin promoter, obtained transfection of avian PGCs and other cell types in 
vivo , and then measured and compared the levels of transgene expression directed by the two 
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different promoters in the transfected tissues of the developing embryos, including in 
transfected PGCs that migrated to the gonads of the developing embryos. 
The Federal Circuit has long held that 35 U.S.C §112 does not require a specific disclosure 
of that which is already known to one of ordinary skill in the art. Case v. CPC International, 
Inc. , 221 USPQ 196, 201 (Fed. Cir. 1984). The claimed invention corresponds closely to the 
stated objects of the invention, "to introduce desired nucleic acid sequences into avian 
embryonic germ cells which have been obtained by culture of PGCs for prolonged periods in 
tissue culture," and to use such transfected EG cells "for the production of transgenic, 
chimeric avians." 

The published scientific articles described above show that at the time the application 
was filed, one skilled in the art would have known how to use the claimed methods for 
producing avian PGCs that are transfected either transiently or stably with a DNA expression 
vector, and how to use the transfected PGCs to make transgenic, chimeric avian embryos and 
transgenic avians. For example, one skilled in the art would know that transgenic, chimeric 
avian embryos and transgenic avians produced by the claimed invention are useful for 
studying tissue-specific promoter activity and the effects of transgene expression in the 
developing avian embryo, as discussed above. 

As stated in the reply to the previous Office Action, the present invention facilitates 
methods for transfecting avians that were long-recognized as being needed by those skilled in 
the art. Simkiss (1994) discussed the feasibility of transfecting isolated avian PGCs in vitro 
and using the transfected PGCs to make transgenic avians, and the desirability of methods 
that would facilitate this approach; for example, to permit the screening of transfected PGCs 
in vitro for suitable gene expression (see pages 121-122). Simkiss stated that at the time of 
writing (1992), PGCs could only be cultured for short periods, and that a method permitting 
long-term culture of PGCs in vitro was needed to facilitate genetic manipulation of PGCs for 
production of transgenic, germ line chimeras (p. 124). Vick and Simkiss stated on page 181, 
column 2, that "clearly it is the number of primordial germ cells that can be obtained rather 
than their cellular maturity that determine[d] the success rate in forming these [transgenic] 
embryos." Vick and Simkiss obtained a higher rate of success using PGCs from the germinal 
crest before their vascular migration because they were able to isolate more PGCs. Simkiss 
(1994) also discusses the possibility that a method for long-term culturing of PGCs might 
give rise to embryonic germ cells that could be used to produce chimeric germ-line avians 
(page 123). Accordingly, one skilled in the art would reasonably have expected that the 
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disclosed methods for long-term culture of avian PGCs would make it easier to practice the 
methods for transfecting and using PGCs described in the prior art, or to produce transgenic 
chimeric somatic and germ-line avians, as speculated by Simkiss. For example, those skilled 
in the art at the time the application was filed recognized that transiently transfected PGCs 
could be used to make transgenic, chimeric embryos and chicks that can be studied to 
determine tissue-specific and developmental stage-specific activities of nucleotide sequences 
that regulate gene expression, and to determine the effects of transgene expression on avian 
development, as discussed above. Scientific articles such as Simkiss et al. expressly 
described a need for the development of methods such as the claimed method that permits 
long-term culture of PGCs in vitro in order to facilitate the genetic manipulation of PGCs for 
production of transgenic, somatic and germ line chimeras, also discussed above. The level of 
skill in the art is high. Accordingly, the Applicants submit that at the time the application 
was filed, one skilled in the art would have been able to follow the teachings of the 
specification and practice the claimed methods for producing transfected avian PGCs and for 
using these to produce transgenic, chimeric avian embryos and transgenic avians, without 
having to perform undue experimentation. The Applicants therefore respectfully request 
reconsideration and withdrawal of the corresponding rejection under 35 U.S.C. §112, first 
paragraph. 

Rejection of claims under 35 U.S.C. §112, second paragraph: 

Claims 21-32 were rejected under 35 U.S.C. §112, second paragraph, on the grounds 
that the meanings of the phrases "prolonged period of time" and "containing essentially" in 
claim 21, "desired" in claim 29, "which comprises said growth factors" in claim 30, and 
"heterologous" and "system" in claim 32 were unclear, the preamble of claim 21 did not 
mention EG cells, and the phrase "said minimal amounts" in claims 22 and 23 lacked 
antecedent basis. The Applicants submit that amendment of the claims as set forth above 
obviates these grounds of rejection by removing the objected-to terms or phrases. 

Claim 32 was further rejected under 35 U.S.C. §1 12, second paragraph, on the ground 
that it was unclear which PGCs were transfected. Amended claim 32 is drawn to a culture of 
avian PGCs produced according to the method of claim 21 and genetically altered. 

Claims 21-32 were also rejected under 35 U.S.C. §1 12, second paragraph, on the 
grounds that it cannot be determined if IL-II or ARMA are encompassed by the claims. 
Applicants submit that step (ii) of the method recited by amended claim 21 recites: 
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"(ii) culturing said PGCs for at least fourteen days in the absence of feeder cells in 
a culture medium comprising at least the following growth factors in amounts sufficient 
to maintain said PGCs for at least fourteen days in tissue culture in the absence of feeder 
cells: 

(1) leukemia inhibitory factor (LIF), 

(2) basic fibroblast growth factor (bFGF), 

(3) stem cell factor (SCF) and 

(4) insulin-like growth factor (IGF). 

The term "comprising" in the recited step is an open term that is understood by those skilled 
in the art to include at least the recited elements, and possibly others. One skilled in the art 
would therefore understand that the amended claim recites culturing the PGCs in a culture 
medium that could include other factors or components in addition to the four recited growth 
factors. 

The present claims precisely and unambiguously point out the Applicants 1 invention; 
accordingly, the Applicants respectfully request that the rejection of claims under 35 U.S.C. 
§112, second paragraph, be withdrawn. 

Rejection of claims under 35 U.S.C. 5102(b): 

Claims 21-28, 30, and 31 were rejected under 35 U.S.C. §102(b) on the grounds that 
the claimed method for prolonged culture of avian PGCs was anticipated under 35 USC 
102(b) by Pain et al. (1996) alone, or supported by Simkiss (1994). The examiner asserts that 
the claimed method for culturing PGCs for prolonged periods is not distinct from the method 
for culturing avian stage X blastoderm cells in the absence of feeder cells described by Pain 
et al. 

The Applicants submit that Pain et al., alone or with Simkiss, do not anticipate the 
claimed methods because they do not disclose or suggest the claimed method comprising 
culturing avian PGCs in vitro in medium containing LEF, bFGF, SCF, and IGF-1, for at least 
14 days in the absence of feeder cells. In fact, Pain et al. and other prior art references 
expressly teach away from long-term culture of avian PGCs in the absence of feeder cells. 
The Pain et al. reference described evaluating the effects of various growth factors on 
cultured avian embryonic cells by culturing chicken and quail cells from dissociated stage X 
blastoderms in vitro in medium containing LIF, bFGF, SCF, and IGF-1 in the presence and 
absence of feeder cells for 3-5 days, and then scoring or counting the alkaline phosphatase- 
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positive colonies (page 2341, lower right column; and Fig. 2 on page 2342). Pain et al. 
reported that under their conditions, the feeder cells "strongly promoted the development of 
alkaline phosphatase-positive colonies (page 2341, bottom of right column). Pain et al. also 
disclosed studying the importance of LIF in long-term culture of chicken embryonic cells 
(CECs) by culturing the CECs for 11 passages in medium ("ESA complete medium") 
containing LIF, bFGF, SCF, and IGF-1, and then culturing the cells for an additional 24 days 
in the same medium with or without LIF (page 2343, paragraph bridging columns, and Fig. 
4). Pain et al. reported that LIF is required for the long-term growth of avian embryonic cells 
and the expression of antigens characteristic of ES cells, and that avian embryonic cells 
expressing antigens characteristic of ES cells could be maintained for at least 35 passages, i.e. 
more than 160 days, in the presence of LIF. While the paragraph on page 2343 of Pain et al. 
describing the long-term culturing of CECs does not specify whether the long-term cultures 
of CECs in medium containing LIF, bFGF, SCF, and IGF-1 were carried out using feeder 
cells; Pain et al. clearly stated on page 2345 (right column) that their long-term culture 
conditions included the use of feeder cells: 

"The culture conditions which included the use of mouse embryonic feeder 
cells and the inclusion of LIF, IL-11, SCF, bFGF, IGF-1, and ARM A in the 
medium, facilitated the proliferation of cells with an undifferentiated 
phenotype during more than 35 passages, i.e., more than 160 days." 

In summary, Pain et al. described short-term culture of PGCs in vitro in medium 
containing LIF, bFGF, SCF, and IGF-1 in the presence and absence of feeder cells, they 
reported that the cells grew much better in the presence of feeder cells, and they taught that 
PGCs could be cultured for a prolonged period in medium containing LIF, bFGF, SCF, and 
IGF-1 in the presence of feeder cells. However, nothing in Pain et al. or Simkiss suggests 
the claimed invention comprising culturing avian PGCs in vitro in medium containing 
LIF, bFGF, SCF, and IGF-1, for at least 14 days in the absence of feeder cells. 
Accordingly, reconsideration and withdrawal of the rejection under 35 U.S.C. 102(b) is 
respectfully requested. 
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APPENDIX 

IN THE SPECIFICATION: 

The paragraph beginning at line 19 of page 14 is amended as shown: 

LIF 0.00625 [fi/fxl] to 0.625 [fi//xl] XJ/ul more preferably 0.00625 to 0.0625 [/x//xl] 
U/ul and most preferably 0.00625 to 0.01250 [ix/fil] U//xl . -- 

IN THE CLAIMS: 

Claims 21-24, 27, and 29-32 are amended as shown below: 

21. (Amended) A culturing method which provides for the [production] maintenance 
of avian [Primavril gum] primordial germ cells (PGCs) [and embryonic germ (EG) cells] for 
at least fourteen days in tissue culture comprising the following steps: 

(i) isolating primordial germ cells (PGCs) from a desired avian; and 

(ii) culturing said PGCs for at least fourteen days in the absence of feeder cells in 
a [complete] culture medium [containing essentially] comprising at least the following 
growth factors in amounts sufficient to maintain said PGCs for [prolonged periods] at least 
fourteen days in tissue culture in the absence of feeder cells : 

( 1 ) leukemia inhibitory factor (LIF), 

(2) basic fibroblast growth factor (bFGF), 

(3) stem cell factor (SCF) and 

(4) insulin-like growth factor (IGF)[, 

for a time period sufficient to produce a culture having a compact multilayer like 
appearance whereby said culturing is performed in the absence of a feeder layer, wherein said 
culture comprises a mixture of PGCs and EG cells]. 
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22. (Amended) The method of Claim 21, wherein the [maximal amounts] 
concentrations of said growth factors in the culture medium [range from about two times to 
one hundred times said minimal amounts] are at least the following minimal concentrations: 

(1) 0.00625 U/ul of LIF, 

(2) 0.25 pg/ul of bFGR 

(3) 0.5625 pg/ul of IGF, and 

(4) 4.0 pg/ul of SCF . 

23. (Amended) The method of claim 22, wherein the [maximal amounts] 
concentrations of said growth factors are in the range of from about [three] two times to one 
hundred times said minimal [amounts] concentrations . 

24. (Amended) The method of claim 21, wherein said avian PGCs are obtained from 
an avian of the [genes Gallinecia] order Gallinacea , 

27. (Amended) The method according to claim 26, wherein said PGCs are 
maintained in culture for at least [28] 25 days. 

29. (Amended) The method of claim 21, which further comprises: 
(iv) [transfecting or transforming] introducing into the resultant PGCs [and EG 
cells with] a [desired] nucleic acid [sequence] that comprises a nucleotide sequence that 
encodes a polypeptide and is functionally linked to gene expression regulatory sequences that 
are operable in an avian cell . 
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30. (Amended) A culture comprising avian PGCs [and EG cells] produced according 
to claim 21, [which comprises said growth factors] said culture being free of feeder cells and 
comprising medium comprising LIR bFGF, SCR and IGF . 

31. (Amended) The culture of claim 30 wherein said PGCs are chicken or [turney] 
turkey PGCs. 

32. (Amended) [The culture of claim 30] A culture comprising avian PGCs produced 
according to claim 2L said culture being free of feeder cells and comprising medium 
comprising LIF, bFGF, SCF, and IGF, wherein a nucleic acid has been introduced into said 
PGCs [are transfected with a heterologus DNA system] that comprises a nucleotide sequence 
that encodes a polypeptide and is functionally linked to gene expression regulatory sequences 
that are operable in an avian cell . 
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Rejection of the Claims for Double Patenting: 

The Applicants acknowledge the obvious-type double patenting rejections set forth in 
the Office Action, and request that they be held in abeyance until the indication of allowable 
subject matter. 

The Applicants gratefully acknowledge the Examiner's indication that claims 29 and 
32 appear to be free of the prior art of record. 

The issues raised by the Office Action dated April 24, 2002, have been addressed in 
this Reply, and the claims are now believed to be in form for allowance. If the Examiner has 
any further questions or issues to raise regarding the subject application, it is respectfully 
requested that he contact the undersigned so that such issues may be addressed expeditiously. 



Respectfully submitted, 



PILLSBURY WINTHROP LLP 



Date: September 9, 2002 




Robin L. Teskin 
Registration No. 35,030 



PILLSBURY WINTHROP LLP 
1600 Tysons Boulevard 
McLean, Virginia 22102 
(703) 905-2500 (Direct Dial) 
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pheasants, grouse, quails, and allied forms; -- sometimes 
called { {Rasores} } . 
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3.4 Birds 

Numerically speaking, birds head the list of game animals. They are also the most 
popular target of sport hunters. The proliferation of books on game birds (36, 67, 
146, 232, 336, 383, 433) attests to their interest and importance. The range of 
birds considered as game species varies regionally in accordance with the faunal 
composition, traditional patterns of use and types of users. The main game birds 
are the tinamous, ducks, Gallinaceae and pigeons. 

Tinamous (Order Tinamiformes, Family Tinamidae), for whom Blake (59) lists 46 
species, are medium-sized ground-dwellers 20-48 cm long, endemic to the 
neotropics, widely distributed and highly prized as food. Members of the Tinamus. 
Crypturellus and Nothocercus genera mainly inhabit tropical forest regions from 
southern Mexico to northern Argentina. Deforestation has a major impact on these 
forest-dwelling, sedentary animals. They are mainly hunted by subsistence 
hunters, who lure them by imitating their calls. 

The other genera, Rhynconotus, Nothoprocta, Nothura, Eudromia and Tinamotis. 
are found south of the equator in open and non-tropical habitats - grasslands, 
brush, and dry or mountain areas. They are among the main game birds in 
southern South America (Table 20), particularly the "perdices" or tinamous 
( Nothura maculata. N. darwinii) in Argentina, Uruguay, Paraguay and southern 
Brazil and Nothoprocta perdicaria in Chile (146, 329). 

The Gallinaceae (Order Galliformes) are represented by three families in Latin 
America: the Cracidae, to which curassows, guans and chachalacas belong, the 
Phasianidae, or partridge family, and Meleagrididae (turkeys). The Cracidae, due 
to their special importance, are dealt with in a separate section (3.6). 

Neotropical quail or partridges (24 species (59) plus some additional ones from 
northern Mexico (336)) are medium-sized birds, 16-36 cm total length, weighing 
1 15-465 g, gregarious, ground-dwelling and granivorous. They are found in a wide 
variety of habitats with the greatest diversity in Central America and Mexico. The 
most widely-distributed species in Latin America belong to the genus Colinus. 
including four open habitat species ranging from the United States to Colombia, 
Venezuela and Guianas, and the genus Odontophorus with 14 wooded habitat 
species ranging from southern Mexico to southern Brazil. Their relative abundance 
even in modified environments, the quality of their meat and their lure as game 
birds make them very attractive to sport hunters. The fact that most species are 
quite small dampens the attraction for subsistence hunters. Turkeys ( Meleagris. 
Agriocharis) are the most corpulent game birds in Latin America. Restricted to 
Mexico, Guatemala and Belize, the males can weigh as much as 7.5 kg and their 
flavourful and abundant meat is in great demand (336). 

Latin America is home to some 60 species of pigeons (Order Columbiformes, 
Family Columbidae) (336, 351, 383), including several valuable game species and 
others too small to be hunted. These swift and steady flyers include species of 
vast distribution and/or migratory species. 
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(Plate 1] 

SUM MARY 

Primordial germ cells {pgcs) are the progenitor cells for the gametes. They can be obtained from avian 
embrvos bv dissociating the germinal crescent region, where they accumulate, or by sampling the blood 
at the lime of their migration to the gonad, pgcs were obtained from these sources and transfected with 
defective retroviruses. These manipulated cells were injected into recipient embryos to form chimaeras 
which grew to sexual maturity and produced offspring, some of which contained the foreign DNA. This 
is the first example of the direct use of pgcs to produce transgenic offspring. 



1. INTRODUCTION 

Several attempts have been made to introduce foreign 
DNA into the avian genome to form a transgenic bird. 
These have included coating the sperm with DNA 
before fertilization {Gavora et al. 1991), attempting 
microinjection into the male pronucleus of the fertilized 
egg (Perry et al. 1991), and injecting replication- 
compeient ^Salter et al. 1986) or replication-defective 
(Bosselman et al. 1990) retroviruses into the blastoderm. 
At the present time, only the infection of the blastoderm 
bv retroviruses has been successful in introducing 
exogenous genes into (he chicken germ line. There are 
several reasons for these difficulties but the most 
obvious relate to the avian system of reproduction in 
which the presence of a large yolky egg with many 
supernumerary pronuclei (Eyal-Giladi & Kochav 
1976) and the fact that the embryo develops to a stage 
of about 50000 cells before it is laid {Sprat i & Haas 
1960) make the standard techniques difficult to apply. 
To overcome these constraints attention has shifted 
towards the possibility of producing chimaeric animals 
as vehicles for gaining access to the avian genome. The 
most obvious way of doing this is to use primordial 
germ cells (pgcs) because these are the progenitors of 
the gametes. Thus, if these cells could be isolated, 
transformed with foreign DNA and introduced into 
recipient embryos, some of them should populate the 
gonads to produce a chimaeric organ. Gametes derived 
from such cells would produce transgenic animals in 
the subsequent generation. 

]n previous work we have shown that it is possible to 
transfer pgcs from one chick embryo to another to form 
animals with such chimaeric gonads (Simkiss et al. 
1989). Subsequently we demonstrated that it was 

1 To whom furrcspondenre should be addressee 



possible to transfect these donor pgcs with a defective 
retrovirus so thai the foreign DNA was incorporated 
into the gametes (Simkiss et al. 1990). In both these 
experiments we took advantage of two features of avian 
development that are unusual among vertebrates. In 
birds, and a few reptiles, the primordial germ cells 
accumulate very early in development at an extra- 
embryonic site in front of the head at the junction of 
the area pellucida and the area opaca. In the domestic 
fowl this so-called germinal crescent forms after 2 d of 
incubation. After about 2J d of incubation these cells 
show a second unusual feature in that they migrate via 
the developing blood system, and are transported to 
the germinal ridge where they settle in what is to 
become the definitive gonad (Nieuwkoop & Saiasurya 
1979). Primordial germ cells can, therefore, be ob- 
tained either directly from the germinal crescent region 
or indirectly by taking carefully timed blood samples 
from the stage 16 embryo (Al Thani & Simkiss 1991). 
These cells can then be introduced into recipient 
embryos where they contribute to the formation of a 
chimaeric gonad. 

The present work was undertaken to quantify some 
of these processes and to establish that it is possible to 
use pgcs to produce transgenic birds. 

2. MATERIALS AND METHODS 

A retrovirus- free strain (line zero) of White Leghorn 
fowl (Asirinf/fl/. 1979) was used in most of ihese experiments. 
When other birds were required an in- bred line of Rhode 
Island Reds was used. 

Fertile eggs were incubated at 37.5 °C and 70% relative 
humidity in a forred air inrubaiur (Brinsea Ltd). Embryos 
were exposed by removing ;i small piece of shell, and their 
stage of development was determined from the morphological 
criieria of Hamburger & Hamilton U951) Germinal cres- 
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cents were obtained frum embryos ;ii si age 1 1 { roughly 40 h 
incubation) and blood samples were taken from embryos ai 
si age 15 (roughly 55 h incubation). Germinal crescents wen- 
dissociated in No-zymc (JRH Biosciences. Sera- Lab Ltd) for 
15 min. washed in Hanks balanced sail solution and dispersed 
in a svnngc. The cell suspension was centrifueed at 
1000 r.p.m. (Eppendorf 5402) for 30 s and any yolk cells and 
debris were removed. Primordial aerm cells were resuspended 
in 200 pi Hanks saline, and a 5 pi sample was spun onto a 
slide (Cyiospin 3 Shandon Scientific Ltd). Blood samples 
were taken from the dorsal aorta ol .suitable embryos by using 
a fine needle and syringe. A 5 pi sample was smeared onto a 
slide for cell counting. The viabiliiy of cell preparations was 
determined using erythrosin B [5 g I'M for 2 min as a siain 
exclusion test. 

Two defective retroviruses were used to transform pecs. 
The construction of a defective spleen necrosis virus (SN021 1 
has been described by Meyers et at. (1991). Some clones of 
this retrovirus showed extensive reorganization in the helper 
cell line, and a second vector based on a defective avian 
leukosis virus (NLB) was therefore used in later work. The 
construction of this retrovirus is given in detail by Cosset et al. 
(1991). It consists of the long terminal repeat i ltr) sequences 
of the Rous associated virus fRAV-2) with neo & he Z genes 
inserted between the gag initiator condon and the 3' end of 
the fin gene (figure 2). The defective retrovirus was screened 
periodically to ensure that no replication-competent virons 
were produced. Transfcction of cells was done using equal 
volumes of cell suspension and replication defective retro* 
virus, containing roughly 10* virons cm" 3 which were 
mixed on a rotating platform for 20 min at 37 °C. Transfected 
cells were washed and 5 pi samples injected into the 
vasculature of stage 15 embryos by using glass micropipettes 
produced with a Narishige micropipets puller and micro- 
forge. The window in the shell was covered with Micropore 
surgical tape (3 M Health-care) and the eggs were sub- 
sequent! v incubated normally. Viability was checked by 
routine candling and selected hatchlings were raised to 
sexual maturity. 

In the NLB experiments, line zero (White Leghorn )pgcs 
were transfected with the defective retrovirus, and these cells 
were then introduced into Rhode Island Red recipient 
embryos. Hatchlings were raised to sexual maturity and 
crossed with White Leghorns. 

DNA was prepared from tissue samples by homogenizing 
and digesting them with proteinase K and RNase before 
phenol-chloroform extraction and ethanol precipitation. 
Samples of DNA (0.1-0.5 pg) w cre digested with restriction 
endonucleases at 37 °C for 6-8 h and run on electrophoresis 
gels with HindlU digested bacieriophage A as molecular 
mass markers. Southern blots were prepared and DNA 
identified by using [ a, P]-labetIed probes produced by nick 
translation of the original plasmids (Maniatis el ai 1982). 
In the case of SN021 this screening was based upon 
delecting a 6.7 kilobase fragment of DNA that hybridized to 
the | 3 *P] probe. This fragment was predicted from ihe 
original map of the vector (Meyers et oL 1991) which 
contained two Sst 1 cutting sites at this position, and this was 
confirmed by transfecting quail fibroblasts (QT 35 line) with 
vSN02l and probing the DNA. The NLB vector contains 
two unique Bam HI cutting sites 4.5 kilobasc pairs apart and 
this fragment was identified by hybridizing to the equivalent 
| 3S P]-labclled plasmid. 

3. RESULTS 

The primordial germ cells of the fowl embryo arc 
tvpically 15-20 pm in diameter with a large eccentric 



nucleus (Bp™ diameter) and numerous yolk and 
glycogen granules in the cytoplasm ^Simkiss 1991). 
The mean number of pgcs per germinal crescent of a 
stage 1 1 line 0 White Leghorn embryo was 95 + 8, and 
the viability of the pgcs decreased to roughly 68°, n 
during their isolation from the germinal crcsccni. This 
was attributed to damage during their extraction 
nnble 1). pgcs from the blood averaged 11 ±3 per 
10 pi sample. 

Opening eggs incubated for 2 d resulted in roughly 
20 ° 0 mortality of embryos and intravascular injection 
caused a further 40 n n mortality (figure 1). To test 
whether donor pgcs had been incorporated into their 
gonads, embryos were sampled at 18 d. as this 
corresponds with the maximum number of gonocytes. 

DNA derived from the vSN02 1 -transfected cells was 



Table 1. Viability of PGCs derived from germinal crescents 



stage of procedure 


viability (%) 


treatment with No-zymc 


93 


tissue dissociation in syringe 


84 


centrifugal ion and resuspension 


68 


transfcction with vector 


54 




0 4 8 12 16 



incubation / days 
Figure 1. Percentage survival of control (circles) and recipient 
t triangles i embryos after being injected with transformed 
pgcs tn = 200 for each data set). 

Table 2. Effect of source of PGCS on chimaera production in 
)8 d embryos by using SN021 

number of number with 
source embryos positive DNA 

blood 69 2(3%) 

germinal crescent 22 5 '23%) 



Table 3. Sumber of ojs firing analysed be/ore a transgenic 
chick was obtained 

number of number 
bird niroviru>. embryos transgenic 

cock 1 SN02i 56 1 (2%) 

cock 2 NLB 24 1 (4 W (I J 
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Figure 3. The chimaeric cock 2 (centre) which contained some While Leghorn PGCs iransfected with the NLB 
defective retrovirus. Most of this bird : s offspring appeared like normal Rhode Island Red birds (left) but he also 
produced some offspring (right) with a White Leghorn phenoiypc (F, bird 24) that were transgenic. The Southern 
blots in figure 2 are from these birds. 
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Figure 2. Southern plots of ih'c DNA" from the sperm of tin- 
chimaeric bird (righi. cock 2) and the blood of one of hi- 
oiTspring (centre. FJ bird 24) which is transgenic. The band 
a I 4.5 kb corresponds with the Bam H 1 f ragmen i of the NLB 
vector shown in map form at the .bottom. Both the sperm of 
the chimaera and the transgenic offspring contain thi» 
foreign DNA which is absent from the DNA of control bird> 
fleft.l. 

found in roughly 3% of the embryos injected wiih pgc- 
containing blood samples and in 23% of the embryos 
injected wiih germinal crescent samples liable 2). 
Haichlings were produced from similarly manipulated 
embryos and five cockerels were raised to sexual 
maturity. Not all of these produced good samples of 
sperm for artificial insemination but two cockerel 1 
produced 2-3 x 10* sperm cm* 3 , and the sperm con- 
tained vector DNA. These were therefore selected for 
breeding experiments. In the case of cock 1. 56 
haichlings were produced and their blood screened for 
vector DNA before a positive specimen was obtained. 
With cock 2. which contained NLB- treated pgcs. the 
24th chick to be produced was transgenic (table 3). In 
this latter case the Rhode Island Red (RJR) chimaerii 
cock was ma led with a White Leghorn (WL) hen. Trm 
produced two lypes of offspring. The most common 
were initially white with black spots; these chick? 
turned brown in about 3 months. These arc the 
characteristic offspring of a RlRxWL cross in our 
flock. Occasionally, however, a pure White Leghorn 
was produced (figure 3) which was also shown to be a 
transgenic bird (figure 2). 

4. DISCUSSION 

The aim of this work was to demonstrate the 
feasibility of using primordial germ cells as a means of 
gaining access into the avian genome. Foreign DNA 
was introduced into these cells by using two defective 
retroviruses as these systems have a high cfficiencv for 



infecting cells with single copies of the foreign DNA 
(Varmus 1988). Two sources of pgcs were used 
representing cells at different stages of their normal 
migratory activity. 

Primordial germ cells that are obtained from 
embryonic blood are already in transit to the germinal 
ridge but they produced chimaeric embrvos in onlv 
3% of these experiments. This is probably becau.se the 
migration of these cells occurs as a short temporal pulse 
(Al-Thani & Sim kiss 1991) that may be missed in 
individual donor embryos. A much higher rate of 
chimaera production (23%) was obtained by extract- 
ing the primordial germ cells from the germinal 
crescent before their vascular migration (table 2). 
Clearly it is the number of primordial germ cells that 
can be obtained rather than their 'cellular maturity' 
that determines the success rate in forming these 
embryos. Chimaeric haichlings were produced, how- 
ever, from both blood-derived and germinal crescent- 
derived PGCS. 

The initial experiments used blood-derived . pgcs 
transfec ted with \SN021 and injected into line zero 
embryos. Four cockerels were hatched and raised to 
sexual maturity from these experiments, and one of 
them (cock 1) was. subsequently used for breeding 
experiments. Because this cock was a chimaera. those 
offspring that were derived from its transfec ted cells 
should be transgenics, whereas those derived from its 
own cells would be normal. The production of one 
transgenic in 56 haichlings is roughly in keeping with 
these expectations. The blood source that was used to 
form this chimaera contained roughly 1-2 pgcs per 
micro! it re before dilution with the vector; the injection 
volume was roughly 5-ul. Thus 3-5 pgcs would have 
been injected into a recipient embryo with 200-300 
endogenous pgcs. Assuming a high rate of transfection 
and that the chances of colonizing the germinal ridge 
are equal for injected and endogenous pgcs. this would 
produce transgenics in approximately 1-4%, of cases, 
i.e. in the range found. Despite this it was felt that the 
instability of the defective retrovirus \ SN021 and the 
absence of an accurate map for this construct made 
these results inconclusive. 

A second series of experiments was therefore done 
using pgcs from the germinal crescent of a line zero 
White Leghorn embryo which were transfec led with 
the vector NLB and then injected into a Rhode Island 
Red recipient. A cockerel produced from this ex- 
periment was raised to maturity. Semen from this 
animal (cock 2), gave a 4.5 kilobase (kb) fragment on 
Southern blots of Bam Hi cut DNA, showing that it 
contained transfected sperm (figure 2). Crossing this 
bird with a White Leghorn hen produced two types of 
offspring. The most common were the characteristic 
offspring of a cross between a White Leghorn and a 
Rhode Island Red. but occasionally a pure While 
Leghorn phenoiype was obtained. These were clearly 
the offspring of sperm derived from the White Leghorn 
pgcs that had been injected into the Rhode Island Red 
embryo. The DNA from a blood sample from thi>: 
white Fl cockerel was analysed and shown to contain 
i he 4.5 kb fragment of vector DNA so that both 
traditional genetics and DNA screening identified this 
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bird as being a transgenic derived from ihc iransfecied 
donor pccs ihai were used to form ihe chimaeric 
cockerel. 

Tliese experiments demonstrate, therefore, ihai it is 
possible 10 obi a in iransfecied pccs that can be used 10 
produce chimaeric birds. The foreign DNA will only be 
prcseni in some of ihe germ cells from these birds, bui 
by using pccs from different strains it is possible to 
identify such transgenic birds easily. Clearly, the next 
stage in the improvement of this approach to producing 
transgenic birds is to increase the efficiency of ihe 
procedure, either by sterilizing the recipient embryos 
(Aige-Gil & Simkiss 1991 j or by increasing the input of 
transformed pgcs. It will be apparent, however, that 
studying the chimaeric birds that arc used in this 
approach will also provide additional information on 
their reproductive biology. By measuring the number 
of copies of vector DNA in the sperm of chimaeric birds 
it will be possible to quantify the ratio of iransfecied to 
normal sperm and thus the probability of producing 
transgenic offspring. Furthermore, because retroviruses 
insert into their host DNA in a largely random fashion, 
it is also possible io cut the vector DNA so as to release 
a varietv of junction fragments thai identify each of the 
individual pgcs that have seuled in the gonad. Thu> 
information on both the number of pgcs and their 
relative fecundity can be obiaincd from these experi- 
ments. At ihe present lime it appears thai ihe number 
of sperm carrying foreign DNA varies between ejacu- 
. lates. suggesting thai particular regions of ihc testis 
may be intermittently involved; this is currently being 
investigated. 

The technique of using pgcs to produce gonadal 
chimaeras and transgenic offspring may also have 
other implications. There have recently been a number 
of suggestions thai pgcs may be capable of producing 
embryonic siem (es) cells in culiure (Resnick it at. 
1992: Matsui et at. 1992). If these results can be 
extended io in vivo studies ihey may provide important 
techniques for studying the whole process of embryonic 
differentiation. 
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Cellulaire. Universiie Claude Bernard for providing us with 
defective retroviruses. This work was supported by AFRC 
grants f AT45/52 1 , AT45/600), by Merck Research Labora- 
tories and by an Anglo-French Alliance award IPN92.214). 
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□ 1 : J Reprod Fertil Suppl 1 990;41 : 1 83-95 Related Articles, ™» Links 

Transmission of exogenous genes into the chicken. 

Bosselman RA, Hsu RY, Briskin MJ, Boggs T, Hu S, Nicolson M, Souza 
LM, Schultz JA, Rishell W, Stewart RG. 

Amgen Inc., Thousand Oaks, CA 91320. 

Injection of infectious non-replicating REV vector directly beneath the 
chicken blastoderm leads to infection of embryonic stem cells. Vector 
sequences are present in a variety of specialized tissues of embryos and 
mature birds derived from infected blastoderms. Breeding studies show that 
replication-defective REV vectors can transfer heritable, non-viral genetic 
information into the chicken germ line. 

PMID: 2213710 [PubMed - indexed for MEDLINE] 
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Heritable retroviral transgenes are highly expressed in 
chickens. 

Briskin MJ, Hsu RY, Boggs T, Schultz JA, Risheli W, Bosselman RA. 

Amgen Inc., Amgen Center, Thousand Oaks, CA 91320. 

This report describes expression of heritable reticuloendotheliosis virus 
(REV) vector ME1 1 1 in 20 independent lines of transgenic chickens. The 
results are strikingly different from studies of Moloney virus in transgenic 
mice, where restricted expression of inherited proviruses has led to their use 
primarily as insertional mutagens rather than general agents for gene 
transfer. In contrast, the REV ME1 1 1 provirus is actively transcribed in a 
variety of tissues from transgenic chickens, is expressed from transcriptional 
control elements present in the long terminal repeat of the provirus, and 
codes for active neomycin phosphotransferase II. The REV vector system as 
applied to the chicken represents a departure from the long-established 
paradigm of retroviral transgenes in mice and provides a new approach to 
the study of avian biology. 

PMID: 1705705 [PubMed - indexed for MEDLINE] 
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1: J Reprod Fertil Suppl . 1990;41:173-82 

Vectors, promoters, and expression of genes in chick embryos. 

Chen HY, Garber EA, Mills E, Smith J, Kopchick JJ, DiLella AG, Smith RG. 

Department of Growth Biochemistry & Physiology, Merck Sharp & Dohme Research 
Laboratories, Rahway, New Jersey 07065. 

Transgenic chickens were produced by injecting the Day-1 egg with 10(5) 
infectious particles of a replication-competent virus based on the 
Schmidt-Ruppin A strain of Rous sarcoma virus. The chickens were resistant to 
transforming subgroup A virus containing the src gene but not the corresponding 
subgroup B virus. Transgenic chickens producing bovine growth hormone (bGH) were 
generated using a modified virus containing the Bryan high titre polymerase 
gene. The virus was constructed with the bGH gene and the mouse metallothionein 
promoter in the reverse orientation relative to the viral structural genes. Two 
male chickens produced serum concentrations of approximately 100 ng bGH/ml; the 
birds were larger than controls and matured more rapidly. Transgenic mice 
required for the analysis of skeletal muscle-specific expression in vivo were 
produced using 5' -flanking regions of the chicken alpha-skeletal actin promoter 
linked to a luciferase reporter gene to determine the region essential for 
tissue-specific expression. The defined promoter sequences are to be used in 
experiments designed to direct expression of growth-promoting genes in skeletal 
muscle of chickens. 

PMID: 2170640 [PubMed - indexed for MEDLINE] 
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1: Dev Biol 1994 Sep; 165 ( 1 ): 30-7 

Use of retroviral vectors to introduce and express the beta-galactosidase marker 
gene in cultured chicken primordial germ cells. 

Allioli N, Thomas JL, Chebloune Y, Nigon VM, Verdier G, Legras C. 

Centre de Genetique Moleculaire et Cellulaire, CNRS UMR106, INRA LA810, 
Universite Claude Bernard Lyon-I, Vill eurbanne , France. 

Three methods of isolating primordial germ cells (PGCs) from gonads of 5-day-old 
chick embryos were compared. PGCs were then cultured in vitro in DMEM/F12 medium 
containing 10% fetal calf serum. BrdU incorporation showed that at least 10% of 
the PGC population were dividing, under our culture conditions, during the 2nd 
day of in vitro culture. During this culture period, PGCs were exposed to avian 
leukosis sarcoma virus-based retroviral vector pseudotyped with subgroup A 
envelope, carrying the LacZ reporter gene. X-Gal staining showed that PGCs were 
permissive to infection, with more than 50% of PGCs expressing the beta-Gal 
protein. These data represent the first demonstration that PGCs, isolated from 
gonads of 5-day-old chick embryos, are able to divide in vitro and that it is 
possible to introduce and express exogenous DNA in chick PGCs maintained in 
vitro. 

PMID: 8088448 [PubMed - indexed for MEDLINE] 
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1: Mol Biotechnol 1997 Jun ; 7 (3 ) : 289- 98 

Replication-competent retroviral vectors for expressing genes in avian cells in 
vitro and in vivo. 

Bell EJ, Brickell PM. 

Department of Developmental Neurobiology, UMDS, Guy's Hospital, London, UK. 

Replication-competent retroviral vectors based on Rous sarcoma virus (RSV) are 
becoming increasingly popular for expressing genes in both primary cell cultures 
and embryonic chick tissues in ovo. In this article, we review the features of 
RSV and its life cycle that make it suitable for use as a vector. We describe 
the design and use of the RCAS and RCAS (BP) series of vectors, which are 
currently the most widely used RSV-based vectors, illustrating both their 
strengths and weakness. Finally, we outline laboratory protocols suitable for 
the banding of these retroviral vectors. 
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1: Biotechnology (NY) 1994 Jan; 12 (1) : 60-3 
Transgenic birds by DNA microinjection. 
Love J, Gribbin C, Mather C, Sang H. 

AFRC Roslin Institute Edinburgh, Roslin, Midlothian, U.K. 

We have developed a method for production of transgenic chickens by DNA 
microinjection of chick zygotes followed by ex vivo embryo culture. The fate of 
plasmid DNA mi croin j ect ed into the germinal disc of zygotes was analyzed in 
embryos which survived for at least 12 days in culture. Approximately half of 
the embryos contained piasmid DNA, 6% at a level equivalent to one copy per cell 
in all tissues analyzed. Seven chicks, 5.5% of the total number of injected ova, 
survived to sexual maturity. One of these, a cockerel, transmitted the exogenous 
DNA to 3.4% of his offspring. These Gl birds have reached sexual maturity and 
have been bred to produce transgenic offspring, demonstrating that stable 
transmission of foreign DNA can be obtained by our method. 
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Abstract 



Since its first description in 1981 (1), transgenic technology has greatly influenced the focus 
and direction pace of biomedical research. Introduction of foreign DNA into the genome of 
animals by microinjection into fertilized oocytes is now used in almost every field of research 
spanning from oncology, immunology and neurology to cardiovascular medicine. The ability 
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to integrate genes in the germline and their successful expression in the host provides an 
opportunity to study the role of a certain gene in the initation end propagation of disease. 
Transgenic methodology serves as the link between molecular biology, introducing in vitro a 
defined genetic modification and whole animal physiology, with the resulting in vivo 
alteration of body function. This potential has been exploited to study the pathophysiological 
role of human genes. Transgenic animals have been used to study aspects of tumor 
development, immune regulation, cardiovascular development and atherosclerosis. These 
studies have provided new insights into the genetic origin of certain diseases and have 
improved our understanding of pathological processes on the cellular level. As a future goal, 
these studies may also serve the development of new diagnostic tools or novel therapeutic 
strategies such as gene therapy. 

Introduction 

Our understanding of body function in health and disease has been advanced in the past 
primarily by the use of animal models for human disease. However, to establish a relationship 
between the regulation of a certain gene and a complex disease process has been difficult. The 
expression of a foreign gene creates a defined genetic defect, which allows to closely correlate 
the effect of this gene to a physiological trait. 

Studies on the regulation of gene expression and gene function in humans are strongly limited 
due to ethical reasons. Expression of human uansgenes in animals therefore is en elegant way 
to obviate these difficulties. Experiments using transgenic animals can be divided into four 
categories: 1) Studies on gene regulation: which include the expression of only the regulatory 
elements of a gene such as the promoter region in transgenic animals. The promoter region of 
a gene is connected to a reporter gene which is easiliy detectable. Such studies using the 
promoter region are of use in the analysis the regulatory elements for tissue-specific 
expression and identification of cis-acting factors controlling gene transcription. 2) 
Investigation of the function of a gene product: Here, the gene of interest is under control of 
either the natural homologous promoter or a heterologous one which directs expression to 
specific cells and tissues. Additionally, mutants of the gene of interest may be introduced for 
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analysis of specific biochemical properties. 3) In vivo immortalization of cells: thi9 is 
Eccomplisbed e.g. by fusion of e gene promoter region to a SV 40 large T antigen. The 
immortalized cell lines art then isolated for in vitro analysis. Finally 4) expression of proteins 
in mammary gland tissue in order to obtain large quantities of secretory protein within the 
milk. 

Transgenic technology was originally developed io the mouse and, therefore, most transgenic' 
studies are performed in this species. The mouse model provides serveral advantages such as 
compare lively numerous offspring with short generation times end well -known genetics. For 
apecifc research questions, however, other species have been used such as rat, sheep, rabbit, 
goal and zebrafish (2-5). In cardiovascular research rats have been the a n i m a l s of choice to 
study cardiovascular function. They arc suitable for pharmacological tests and have provided 
animal models for hyp en ens ion, cardiac and renal disease. 

The most widely used technique applied for transgenic production is rmcro manipulation of 
fertilised oocytes from superovulatcd donor animals and microinjection of DNA into the 
pronucleus (1,6). The DNA-injected eggs are re implanted into pseudopregnant foster mothers 
and the offspring are then analysed for the presence of the foreign DNA in the genome. This 
technique is basically common to all animal species where this technology has been applied. 
Time schedule, hormoDe treatment and operating procedure, however, require adjustment to 
the respective species. Whereas microinjection aims at implantation of foreign genomic 
material into the gexmline, different techniques have been developed to insert DNA into 
somatic cells (7-10). This implies transgenesis in cells which are not part of the germline and, 
therefore, a genetic alteration can not be propagated to the offspring. These techniques often 
aim at gene therapeutic approaches where a defective gene can be replaced in function at some 
time in the ontogeny. 

Three methodological approaches have been used to generate transgenic animals: i) injection 
of DNA into the pronucleus of fertilized oocytes as described above, ii) homologous 
recombination in embryonic stem cells of mice (11) and iii) retroviral infection of 
preimplantative blastocysts (12). At present, research efforts are focused on the* first two 
techniques which represent two sides of a coin. The "knock out" approEch achieved with 
homologous recombination yields a "loss-of-function" study, in contrast to the "gain-of- 
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function" approach which is used in microinjection causing overexpresslon of a gene. "Loss- 
of- function" is a tool to analyse the function of a gene by functional interruption and is 
achieved by inserting a disruptive sequence in vitro. The endogenous gene is replaced with the 
mutated gene by homologous recombination in the stem cell. Despite the precision of this 
method, functional conclusions tie not easily draw from such experiments. For example, 
gene "knock-outs", especially of transcription factors, have often demonstieted no apparent 
phenorype due to the functional redundance of cell and gene regulatory systems . Other gene 
disruptions have precluded extensive analysis due to embryonic lethality. Studies using partial 
"loss-of-functio^'-mutants or double knock outs are under way to obviate these difficulties 
(13). Thus far. embryonic stem cell technology has only be successful in mice, however, the 
need to generate rat embryonic stem cells has been recognised for physiological and 
pharmacological investigations. 

Homologous recombination allows replacement of a the native gene by a mutant which can be 
analysed in the natural chromosomal environment, which affects gene expression and 
regulation. In contrast, uansgenesis by micorinjection occurs by random insertion into the 
genome without control of copy numbers of DNA integrated. To achieve a reproducible gene 
integration, locus control regions or matrix attachment regions have been used as control 
elements to direct transgene integration (14-17). Another successful strategy has been not to 
irject the transgene alone but rather large DNA constructs such as yeast artifical 
chromosomes (18-19), in order to control the "environment" of the . transgene. These 
techniques will in the future redefine the transgenic methodology and possibly other newly 
developed suetegies for somatic transgenesis. Progress in this field can not bo separated from 
gene therapeutic approaches, where a foreign gene will be transfered into somatic cells. A 
vast number of different in vitro and in vivo strategies exists for gene transfer. In vitro 
strategies use host cells that arc isolated from the body, grown , stably transfected with a 
transgene and then reimplanied (10). In vivo studies directly apply DNA to the host either by 
direct injection into the tissue of interest, by liposomal transfecUon, by retroviral or adenoviral 
infection (8,9) or by receptor-mediated uptake e.g. by via the transferrin receptor. A detailed 
description of these technologies, however, is beyond the scope of this article. 
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Tnmagenic erjimels in cardiovascular disease 

The cardiovascular system has been the focus of interest for transgenic research due to the 
high cardiovascular morbidity and mortality in industrialized societies. Transgenic animals 
have been generated for almost every aspect of cardiovascular research from hypertension to 
formation of myocardial rumors. The candidate gene approach has been used to study, the 
effects of gene products of hormones which are known to be involved in blood pressure 
regulation and which arc supposed to play £ role in the pathogenesis of h>penensiorL Other 
risk factors of cardiovascular disease such as atherosclerosis or hemostatic mechanisms have 
been investigated by transgenic techniques. 

Candidate ffr .p* »pprt^ r h/nfturohormonal Mudies 

Trie regulation of cardiovascular function is complex and depends on many factors which 
interact in a defined spatial and temporal pattern. It is therefore difficult to. assign a particular 
pbenotypc or functional parameter to a certain gene. Transgenic introduction of a gene into an 
oiganism does allow to define the contribution of a certain gene to the physiology or 
pathophysiology of cardiovascular function. Due to the muititide of hormones, regulatory 
peptides, cell signalling pathways etc., lesearch has focused on the role of candidate genes. 
These are genes, which are known to be involved in cardiovascular regulation and, therefore, 
likely to play a role in dysfunction of the heart or the vascular wall as in hypertension.. Since 
the expression of the trans gene in animals is the only difference to tiansgene-negarive control 
pnimai^ a change in cardiovascular function can be correlated to the presence of the 
cans gene. 

The precursor ofarginine vasopressin, prepioarginine vasopressin, which is under control of 
the mctallothioncin promoter has been expressed in transgenic) mice resulting in chronically 
elevated levels of vasopressin in the plasma (20). lna cased levels of vasopressin were present 
in the plasma elevating serum osmolality to levels corresponding to mild nephrogenic diabetes 
insipidus. Atrial natriuretic peptide which is known to reduce blood pressure and to induce a 
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marked netriuresls has been expressed in mice 10 study the effects of chronically clcvatd ANP 
levels on cardiovascular function. Use of the heterologous mouse promoter transthyretin 
resulted in a ten-fold elevation of immuno reactive plesma ANP and significantly lowered 
blood pressure without altering piasma electrolyte balance (21). 

Transgenic Wiimels have also been generated in hypertension research. Besides the known 
influence of cnviicrirricntel factors on the development of high blood pressure, hypenension 
has a strong genetic background (22,23). Therefore, candidate genes of hypenension such as 
the component* of the renin-cngtottnsin system have been studied in detail. This system is e 
major regulator of blood pressure and of sodium- and volume homeostasis. Renin genes of 
different species, as well as its subsuate angiotensinogen, have been introduced into 
transgenic mice (24-27). Trt^genic mice expressing both the rat or human renin and 
angiotensinogen gene developed elevtted blood pressure levels (27,28). However, rats, as 
opposed to mice, have attracted much interest in the field of research, since they are more 
suitable for hemodynamic, pharmacological and functional studies. Rats with hereditary 
hypertension, such as spontaneously hypertensive rats, have been used as a model for primary 
human hypertension. Expression of the mouse renin-2-gene in transgenic rats has led to 
fulminant hypertension with values in the range of 220 mmHg systolic in heterozygous 
animals (3). Unexpectedly, despite the presence of an additional renin gene, these rats exhibit 
a low plasma renin activity, cones ponding to low renin hypertension syndromes in humans. 
Transgenic rats with the human renin and angiotensinogen gene have also been generated 
which maintain the species-specificity of the human rerun-substrate reaction (4). 

Cardiovascular aspects can also be demonstrated in transgenic mice overexposing growth 
hormone (29,30). Excess growth hormone in humans causes acromegaly end gigantism. 
Patients suffering from this disease frequently develop hypertension, although growth 
hormone by itself is not hypertensinogenic. Oercxprcssion of a mdaJlothionein-fusion gene 
in mice did not significantly raise blood pressure, but the vascular wall-to-lumen ratio was 
significantly altered in mesenteric arteries. The increase in wall thickness in these arteries may 
elevate peripheral resistance and thus contribute to the hypertensive blood pressure levels in 
acromegalic patients. However, the multifocal expression of growth hormone has also a 
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number of other effects resulting in progressive glomerulosclerosis after induction of 
mesangial cell growth. (30) 

In addition to hypertension, other risk factors of cardiovascular disease such as atherosclerosis 
have been investigated: Lipoproteins arc the macroraolecular transporters of non-polar lipids. 
The major high density lipoprotein (HDL) associated apolipoprotein is apolipoprotein AL 
Plasma HDL concentrations as well as epoAl levels have been shown to be inversely 
correlated to the development of premature coronary heart disease. As its major 
epo lipoprotein constituent, apoAl plays a central role in HDL assembly. The human EpoAI 
gene was transferred into the atherosclerosis susceptible inbred mouse strain C57BL76. This 
transgene lead to a 2-fold increase in apoAJ and HDL. Similarly, apolipoprotein B was 
expressed in transgenic mic (32). Although these mice were fed a high fat diet, they were 
markedly protected from atherosclerotic plaques. In other experiments, high levels of the low 
density lipoprotein (LDL) receptor was expressed using a receptor cDNA under the control of 
a metallothionein promoter. These mice cleared LDL from blood 8-timcs faster than 
normally. The transfer of LDL receptors to patients with known genetic LDL receptor defects 
as in familial hypercholesterolemia may be an approach do replace defective receptor function 
(33). 

Transgenic animab in pulmonary disease 

Most p^mRl models which are used to rnimic human disease are based on lesions which are 
applied to the adult animal and then the course of disease or the effect of treatment is analysed 
over time. Whereas animal models applicable to chronic and degenerative disease processes 
is less nxquent developed. New animal models for chronic human disease may be generated 
by transgenic arumals either by overexpression and excess function of a particular gene or by 
disruption of a functional gene. The success of these approaches depends on the extent to 
which a singular ge;.e is indeed responsible for a disease. The investigation of cystic fibrosis 
the most common autosomal inherited disease, is a paradigm for these problems. The 
defective gene in cystic fibrosis patients has been identified as Qftr, which encodes an ion 
channel at the cell membrane. By homologous recombination, several groups succeeded to 
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disrupt the Cftr gene (34-36). All animal lines developed symptoms of cystic fibrosis. 
Although all these experiments created null mutfitions, the time course and the pattern of 
u«sue involvement differed between the lines. These null mutation mice may be used for 
further studies on the Cftr gene, by introducing mutations of the Cftr gene via the transgenic 
approach. Comparison of the different clinically important mutations compromising the Cftr 
gene may clarify the tissue specific pEttern of tissue involvement. Beyond that, these mice are 
excellent models to develop gene therapeutic strategies. Som8tic transgenesis by liposomal 
transfection led to expression of a functional Cftr gene in the lung of these transgenic mice 
with the disrupted ion channel. (7). Gene therapeutical trials are now underway in humans 
with cystic fibrosis to apply the an intact Cftr gene supplementing the defective non- 
functional Cftr gene. 

Transgenic animals In neurodegenerative disorders 

As for chronic lung disease, uajisgenic methodology is being used to generate animal models 
which represent important aspects of human neurodegenerative disorders. The focus of 
interest has been Ahheimer*s dis€Qss, where beta-amyloid, derived from the amyloid 
precursor protein, is chronically deposited in senile plaques and along vessel walls. In some 
forms of familial Alzheimer's disease, mutations of the amyloid precursor protein have been 
identified to be responsible for the development of the disease. Expression of the amyloid 
precursor protein in uansgenic mice has not led to a distinctive Alzheimer's disease 
.phenotype in the brain of these animals, however, a carboxylerminal fragment of the amyloid 
protein precursor causes neurodegencration in vivo (37). Whether this closely correlates to 
Alzheimer's disease in humans is not clear and further studies aimed at overexpiession of 
other components of the senile plaques such as the microtubule-associated protein few are 
under way to generate an animal model for the human disease. 

Transgenic animals In oncology or Immunology 

In these fields, most of the research employing' transgenic technology is focused on 
fundamental studies rather than clinical dijtase. Several studies are being performed to 
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clarify the regulation of oncogenes. In particular, how they are ecliveted and by which 
pathways these oncogenes exert thcii carcinogenic potential. Transgenic animals have been 
uted as specific research tools to study the different steps in tumor development leading to a 
bener undemanding of the tumor-host interaction, tumor growth and angiogenesis and 
metastatic seeding. The analysis of these processes may lead to new therapeutic strategies, 
which could interrupt tumor development at the difTerent stages. Similarly, the understanding 
of the immune system, the cytokine nttworic and the host versus graft reaction in 
transplantation have been enhanced by transgenic approaches- (38). The interaction of the 
cytokine network with antibody formation and B cell activity has been studied by Tcnock out" 
experiments. Gene targeting was used to disrupt genes involved in B and T cell differentiation 
(3fi,39). The role of cytokines and of differentiation factors in autoimmune and inflammatory 
disease has been investigated in several transgenic models . Overcxprcssion of human rumour 
ntcr csis factor alpha in transgenic mice led to the development of chronic arthritis and 
systemic tumor necrosis fctfoi-mecUated disease (40). As e sign of chronic arthritis, 
accumulation of polymorphnuclcar cells, synovial ib'ckjening and finally synovial hyperplasia 
and pannus, eroding the cartilage was observed. Similarly "knock out" of transforming factor 
/ led to chronic and diffuse inflammation (41). How these experiments truely represent 
human syndromes of chrome Inflammation remains to be elucidated, but they allow the 
investigation of the regulation of inflammatory processes. 

Concluding remarks 

Transgenic methodology has so rapidly developed that inclusion of all relevant data and 
publications is beyond the scope of this manuscript. However, it has been shown that 
transgenic methodology has spread into every field of biomedical research. Transgenic 
animals are being used to create new models for, human disease, i) by generation of animal 
models which resemble the human condition as close as possible and ii) by in-detail analysis 
of the pathogenesis of human diseases under in vivo conditions. The further refinement of this 
technology from simple injection of foreign DNA into an oocyte to expression of large 
chromosomal regions and to the technique of embryonic stem cell manipulation underscores 
the fact that this technology is still in development. 
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Transgenic methodology, however, can not be considered in isolation: It is rather part of a 
major advancement gene technology has provided, extending into the fields of cell biology 
and molecular genetics. For examples, novel strategies in molecular genetics allow to identify 
the causative gmes for disease and pathophysiological processes. In return, these genes can 
then be tested in transgenic animals on the functional and cellular level. In the future, these 
technologies can act in concert to develop new therapeutic strategies for human diseases and 
are therefore of interest for clinical applications. The methodological expansion, however, 
requires collaborative efforts of scientists and nansfer of know-how between specialised 
laboratories more than ever. 
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Sex Determination in Birds from the Perspective of Studies on Triploid 
Intersexes 

B.L. Sheldonl, M.H. Thorne1,2 

1CSIR0 Division of Animal Production, Locked Bag 1, Delivery Centre, Blacktown, NSW 2148 
Australia; 2Current Address: 41 Roma Rd, St. Ives, NSW 2075 Australia 
(FAX: 6128402940) 

Recent advances in knowledge of sex determination in mammals have depended largely on 
analysis of individuals with aberrant sex chromosome constitution, such as XO or XY females 
and XX or XXY males. Analogous individuals, ZZ females and ZW males, have not been 
detected in chickens. The development of a unique "triploidy" line of chickens has enabled 
the study of large numbers of triploid female intersex chickens (3A.ZZW), and a few 
associated chimeric individuals. These studies are reviewed in this paper. They demonstrate 
that (i) masculinization of the external phenotype of 3A.ZZW apparent females becomes 
obvious only from about sexual maturity, (ii) initial determination and differentiation of 
3A ZZW embryos as female is normal and complete, (Hi) masculinization of the left ovary 
and development of a right testis in place of a regressed right ovary already starts before 
hatching (iv) this masculinization of the gonads is reversible (at least temporarily) by 
injection of estrogen at 96 h of incubation, (v) the sex phenotype of the chimeras is 
dependent primarily on the presence of a W chromosome, but affected by the proportions of 
diploid and triploid cells and the dosage of Z and W chromosomes. The results support the 
hypothesis that there is a female (ovary) determining gene on the W chromosome the effect 
of which is able to be inhibited or partly reversed by more than one dose of male (testis) 
determining gene(s) on the Z chromosome. 



Expression of Genes Involved in Estrogen Synthesis and Expression of the 
Estrogen Receptor Gene during Early Gonadal Development of Chickens 

S. Mizuno, 0. Nakabayashi, H. Kikuchil, T. Kikuchi! 
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T. Maeda 

Faculty of Applied Biological Science, Hiroshima University, Higashi-Hiroshima, 739 Japan 
(FAX: 81-824-22-7067; E-mail: temaeda@ue.ipc.hiroshima-u.ac.jp) 

To clarify the divisional ability of primordial germ cells (PGCs), the quantity of DNA and 
frequency of the final stage of metaphase in PGCs at stages 14-15 (before settling in the 
germinal ridge) and stages 17-20 (after settling in the germinal ridge) were analyzed using 
an interactive laser cytometer. 

When the quantity of DNA was graphically presented, two peaks were recognized in all 
stages. The value of second peak was approximately twice that of the first. The PGCs having 
two nuclei in one cell were recognized in each stage and were considered to be the final 
stage of metaphase in cell division. The amount of DNA in metaphase correlated with that in 
the second peak. The frequency of final stage metaphase in PGCs after settling in the 
germinal ridge was markedly increased comparing with that before, and significantly 
increased with advancing embryonic stage. 

From these results, it seems that intense proliferation of chicken PGCs occurs after settling 
in the germinal ridge. 



Expression of Exogenous DNA in Embryonic Gonads by Transferring Primordial 
Germ Cells Transfected in Vitro Zf".^kj{>< tT^^TT v 

M. Naito, a. Tajimal, Y. Yasuda2, M. Sakurai, T. Kuwana3 

National Institute of Animal Health, Tsukuba 305, ITsukuba University, Tsukuba, 305, 
2Kumamoto University, Kumamoto 860, 3National Institute of Minamata Disease, Kumamoto 
867, Japan 

*(FAX: 81-298-38-7880; E-mail: mnaito@niah.affrc.go.jp) 

Gene transfer into primordial germ cells (PGCs) and the production of viable offspring from 
germline chimeric chickens provides a powerful tool for studying avian endocrinology. PGCs 
collected from the embryonic blood of White Leghorns (WL) were concentrated. 
Transfection of PGCs was achieved using a cationic lipid (DOTAP, Boehringer Manheim 
Biochemica). The PGCs were incubated with DOTAP: DNA (pAcZ, lacZ gene under the control 
of chicken ft-actin gene promoter) mixture for 5 hours at 38°C, washed with culture medium 
and 300 PGCs were injected into the blood stream of recipient embryos from which blood 
had been drawn prior to the injection. The recipient embryos were incubated for 3 days and 
[qcI gene expression was detected in the gonads by X-gal staining. The percentage of 
embryos which expressed the locZ gene in the left and/or right gonads was 71.2% (37/52), 
and the number of positive cells for the loci gene in the gonads was variable; a few to more 
than 50 cells. Thus, the loci gene was successfully introduced into the PGCs in vitro and was 
expressed in the gonads of recipient embryos. This technique provides an experimental 
system for testing the expression of exogenous DNA in the gonads of developing chick 
embryos, and also contributes to the production of transgenic chickens. 
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Temporal and spatial expression of lipospermine-compacted genes transferred into 
chick embryos in vivo. 

Demeneix BA, Abdel-Taweb H. Benoist C, Seugnet I, Behr JP. 
Museum Nationale d'Histoire Naturelle. Paris, France. 

We have optimized a lipospermine-based transfection method for introducing genes 
into intact vertebrate embryos in vivo. The method employs small amounts of the 
cationic lipid Transfectam (DOGS), in a concentrated (40 mM) ethanolic solution, 
to compact and to transfer exogenous genes into chick embryos during the early 
stages of development (< 36 h of incubation) . Plasmid vectors containing the 
reporter gene luciferase were used to follow the time course of expression. 
Luciferase activity was detected as early as 12 h post-transf ection and was 
highest at this time. Enzyme activity then decreased over the next two days and 
was usually undetectable by 72-h post-transf ection. To follow the spatial 
expression of the exogenous genes, a Rous sarcoma virus (RSV) -beta-galactosidase 
vector was used, when the transfection complex was applied externally around the 
developing embryo, the main site of expression was the cardiac tissue. 
Expression could be targeted to the nervous system by micro-meeting the _ 
DNA/DOGS (DNA/dioctadecylamidoglycylspermine) complex into the oeveloping brain. 
The results show that reporter genes can be efficiently expressed an both the 
developing central nervous system and heart. This raises the possibility that 
lipospermines can be used to transfer functional genes into embryos during 
defined periods of development and also to deliver genes in other species and m 
other in vivo contexts. 

PMID: 8185924 [PubMed - indexed for MEDLINE] 
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1: Gene 1989 Mar 15 ; 76 ( 1 ) : 75 - 80 

Activation of the mouse metallothionein-I promoter in transiently transfected 
avian cells. 

Kelder B, Chen H, Kopchick JJ. 

Department of Zoological and Biomedical Sciences, Ohio University, Athens 45701. 

The induction of the mouse metallothionein- I (MT-I) transcriptional regulatory 
region by heavy metals in cultured avian cells was studied in a 
transient-expression assay system for a growth hormone. The MT-I promoter was 
shown to be inducible by 10 microM to 90 microM ZnCl2 in a dose-dependent 
manner . 

PMID: 274 4 4 81 [PubMed - indexed for MEDLINE] 
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1: Transgenic Res 1995 May ;4 (3 ) : 192-8 

In ovo transfection of chicken embryos using cationic liposomes. 
Rosenblum CI, Chen HY . 

Department of Genetics and Molecular Biology, Merck Research Laboratories, 
Rahway, NJ 07065, USA. 

It is reported that cationic liposomes are capable of transfecting embryos in 
unincubated fertile chicken eggs and that the cationic liposome, Transf ectAce , 
has superior properties to Lipofectin. In order to determine the duration of 
expression of genes introduced in this way, embryos were transfected with an 
expression vector encoding the firefly luciferase cDNA under the control of the 
Rous sarcoma virus long terminal repeat (LTR) . Luciferase activity could be 
observed consistently in day 3 embryos and activity was detectable up to day 8 
of incubation. The relative expression of luciferase under the control of 
different viral promoters was compared in transfected chicken embryo fibroblasts 
and day 3 embryos. The cytomegalovirus immediate early promoter and the SV40 
early promoter directed the highest amount of expression in fibroblasts while 
the Rous sarcoma virus LTR caused the highest amount of expression in embryos. 
Chicken embryo fibroblasts were transfected with the luciferase vector in order 
to examine duration of reporter gene expression in vitro. Luciferase expression 
was decreased exponentially over a 24 -day period after which point luciferase 
activity could no longer be detected. These data suggest that stable integration 
of transfected DNA using liposomes is a rare event. Nevertheless, 
liposome-mediated transfection of embryos is suitable for the examination of 
promoter activity in vivo and may be a useful method to transfect genes to study 
embryonic development. 

PMID: 7795662 [PubMed - indexed for MEDLINE] 
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Gene transfer into circulating primordial germ cells of quail embryos. 
Ono T, Muto S, Matsumoto T, Mochii M, Eguchi G. 
Faculty of Agriculture, Shinshu University, Ina. Japan. 

During early stages in avian embryogenesis primordial germ cells (PGCs) show a 
unique migration pathway toward the gonadal aniage through the circulation In 
^'present study liposomes consisting of plasmid DNA (pMiwZ; confining lacZ 
as a reporter) and Lipofectin were injected into the marginal veins of quail 
embryos during the stages PGCs were circulating in the blood vessels. The lacZ 
egression was then histochemically detected in the gonads at later embryonic 
stages, indicating the expression of the injected DNA m PGCs. 
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Liposome-mediated DNA transfer into chicken primordial germ cells in vivo, 
watanabe M, Naito M, Sasaki E, Sakurai M, Kuwana T, Oishi T. 
National Institute of Animal Industry, Ibaraki, Japan. 

In embryogenesis, avian primordial germ cells (PGCs) circulate temporarily in 
the blood vessels at stages 10-15 (Hamburger and Hamilton, 1951), before 
reaching the gonads. In an attempt to transfer cloned genes into PGCs, liposome 
consisting of reporter plasmid DNA and 

N-[l-(2 3-Dioleoyloxy) propyl] -N,N,N-trimethylammoniummethylsulf ate was injected 
into the marginal veins of embryos at stages 11-15. As reporter plasmids, pRSVZ 
and pAcZ harboring the Escherichia coli lacZ gene driven, respectively, by the 
Rous sarcoma virus (RSV) promoter and the chicken beta-actin gene promoter were 
used First, 55 embryos were injected with liposome containing pRSVZ and stained 
for the bacterial beta-qa] actosidase activity 24 hr after injection. In all the 
embryos cells positive for beta-galactosidase activity were observed among the 
blood cells, endothelial cells, and endocardium cells of the heart, suggesting 
that transfection took place within the circulatory system. Then, embryos were 
injected with liposome containing pRSVZ or pAcZ, and stained 2 or 3 d after 
injection PGCs positive for beta-galactosidase activity were observed in the 
gonads in four out of 44 embryos injected with pRSVZ, and 29 out of 71 embryos 
injected with pAcZ, indicating that the plasmid DNA was transferred into PGCs 
developing normally. The average number of positive PGCs per embryo was 0.2 and 
2 1 respectively, when pRSVZ and pAcZ were introduced. The difference m the 
number of positive PGCs detected after introduction of the two plasmids suggests 
that the actin promoter has a higher level of transcriptional activity in PGCs 
than does the RSV promoter. 
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